Island, British Columbia, was colonized by Brownheaded Cowbirds (Molothrus ater) after an intensive study of the resident Song Sparrow (Melospixa melodia) population. I studied the Song Sparrow population from 1975 to 1979, when it was parasitized by one to three female cowbirds a year. Breeding success was lower than during the earlier study, but comparisons of breeding success before and after the arrival of cowbirds each year and after cowbird removal in 1977 suggested that cowbirds were not a major cause of the reduced breeding success. Parasitism depressed the breeding success of adult female Song Sparrows by 0.6 independent young per nest and that of yearling females by 0.5 independent young per nest. The costs of parasitism were almost entirely due to egg removal by female cowbirds. Parasitized nests of adult females contained 0.8 fewer eggs than unparasitized nests. The corresponding figure for yearling females was 0.5 eggs. Nests of adult females were parasitized twice as often as nests of yearling females. A behavioral explanation is proposed for this last difference. Song Sparrows with cowbird nest mates weighed less than control young, but survival of young from six days after hatching to independence did not decrease if there was a cowbird in the brood. Female Song Sparrows that were parasitized one or more times during a breeding season raised as many young to independence per year as females that were not parasitized. This was because parasitized females made more breeding attempts per year. by the scarcity of alternative hosts for cowbirds, the isolation of the island, and its history as a study site. I concentrated on the following questions:
. Three reasons for this are that: 1) the entire seasonal production of young by hosts usually is unknown, 2) the exact extent of parasitism is difficult to estimate, and 3) host survival is seldom followed after young leave the nest, when young cowbirds are still competing with young of the host.
The Song Sparrow (Melospizu melodiu) was the subject of an early study of cowbird parasitism (Nice 1937) . In my study, I examined the effects of cowbird parasitism on a Song Sparrow population inhabiting Mandarte Island, near Victoria, British Columbia, Canada. The cowbird is a recent immigrant to southwest British Columbia (first nesting records in the Victoria region are from the late 1920' s). Cowbirds were absent from Mandarte Island during the study there of Song Sparrows by Tompa (1963 Tompa ( , 1964 , but they began to breed on the island in the late 1960' s (R. H. Drent, pers. comm.). My study began in 1975 and was facilitated by the scarcity of alternative hosts for cowbirds, the isolation of the island, and its history as a study site. I concentrated on the following questions:
(1) Did colonization by cowbirds change the annual production of the Song Sparrow?
(2) Was the depression in Song Sparrow nesting success from cowbird parasitism followed by further differential survival of young from parasitized and unparasitized nests?
(3) Did parasitized females raise fewer young per season than unparasitized females?
I also examined the effect of age of the host female on cowbird parasitism. Female age is known to influence clutch size and breeding success in several passerines checked every two days until the young left; no premature departures were observed. After the young had left, the concealment of each nest was scored subjectively on a O-6 ranked scale. Completely exposed nests scored 0 and very well concealed nests scored 6. The height of the nest rim above the ground also was measured. Minimum numbers of young known to be alive after leaving the nest were counted from sightings of marked individual young up to the following ages: 4 weeks after hatching (when young Song Sparrows become independent of their parents), 10 weeks after hatching and 37-50 weeks after hatching (the beginning of the subsequent breeding season). The study was terminated when the last young left the nest in 1979. Estimates of postfledging survival in 1979 therefore were truncated, as only a portion of the young reaching independence could have been detected. I assume that no young left the island before independence. Survival estimates to this time would not then be influenced by young leaving the island. Later estimates of survival include both death and dispersal off the island. Most dispersal off the island occurs in September or October (Tompa 1964 when they were present (X = 3.64 + 0.67, n = 4). This comparison, however, depends critically on Tompa' s data, which were extrapolated from a limited sample of nests. The breeding success in 1977, when female cowbirds were successfully removed, fell within the range of values when breeding cowbirds were present. It is possible, therefore, that the presence of cowbirds decreases overall production of Song Sparrows,-but the data collected in this study alone do not support this conclusion, and Tompa' s (1964) data and mine cannot be compared statistically because of differences in methods.
To examine the impact of cowbird parasitism on host nesting success, I considered only those nests known to be active after the arrival of the female cowbirds each year. In all, an average of 2.61 Song Sparrow eggs were found in 98 parasitized nests, while 115 unparasitized nests contained an average of 3.25 eggs. This difference is highly significant (t = 5.31, P < 0.001). This suggests that female cowbirds removed a Song Sparrow egg from a little over half of the nests they parasitized. Table 3 There was no indication that later survival (or dispersal) of young from parasitized nests was poor compared to that from unparasitized nests (Table 3) .
The failure of cowbirds to depress the average nesting success of sparrows suggested that further confounding factors might be present. Nest failures were the main cause of losses and I therefore examined patterns of nest success and failure more closely. I define nests raising at least one young of either species to banding age (six days) as successful and the remainder as failures. Nests failed for three reasons: starvation of young, desertion of eggs or young by the parents, and predation. Starvation was extremely rare and will be ignored. Table 4 presents the distribution of success and failure for all nests in all years. Nest failures were slightly commoner before the arrival of cowbirds (Table 4) . I found therefore no strong evidence that cow-birds were a major cause of nest failure.
Desertions were slightly more common before the arrival of cowbirds and also cannot be attributed to cowbird activity. Total nest failures were not distributed randomly among years (x" = In parentheses are the numbers of nests failing owing to desertion.
nests, though the difference was not significant (x2 = 3.08, d.f. = 1, P < 0.10). The last result suggests that female cowbirds may have selected host nests which were likely to be more successful. A simple basis for selection might be the concealment and position of the nest. My index of concealment did not, however, differ significantly between parasitized and unparasitized nests in any year (P > 0.05, Mann-Whitney U test). Parasitized nests tended to be slightly less well concealed, as claimed by Nice (1937) . Parasitized nests also did not differ significantly from unparasitized nests in height. In addition, neither nest height nor nest concealment was closely related to nest success.
One variable known to be related to clutch size of Song Sparrows on Mandarte Island is the age of the female (Smith and Roff 1980). I therefore examined the patterns of parasitism and nest success in relation to female age. Females were classed as adult (older than one year) or yearling (one-year old) for all years after 1975. Female ages were not known in 1975 and these data were therefore omitted. The pattern of success and failure is shown in Table  5 . Twenty percent of nesting attempts by adult females failed after the arrival of cowbirds, while 32% of nests of yearling females failed during this period h" = 3.87, d.f. = 1, P < 0.05). Adult females were parasitized nearly twice as often (58%) as yearling females (30%, x2 = 14.68, d.f. = 1, P < 0.001). However, yearling females that were parasitized did not differ in breeding success from parasitized adult females (x2 = 0.11, d.f. = 1, P > 0.90). Among yearling females, parasitized nests were somewhat more successful, but the difference was not significant p = 3.27, d.f. = 1, P > 0.05).
The foregoing analysis indicates that the effects of parasitism on yearling and adult female Song Sparrows must be assessed separately, as the slightly greater success of older females is confounded by their greater rate of parasitism. Table 6 Parasitized nests of yearling females contained 0.51 fewer eggs on average than unparasitized nests (t = 2.65, d.f. = 82, P < 0.01). Eggs therefore were removed from nests of yearling females slightly less often than from nests of adults. Clutch sizes of unparasitized yearling females were significantly smaller than those of unparasitized adults (t = 2.03, d.f. = 100, P < 0.05) and the proportionate loss due to egg removal was similar in both age classes. Two-way analyses of variance, as carried out for adults, again failed to show a significant main effect of either parasitism or year on I tested the direct effects of competition by cowbird nest mates on young Song Sparrows in two ways. I first compared the nestling weights of Song Sparrows in nests with and without cowbirds and then examined the post-fledging survival of Song Sparrows from nests that fledged a cowbird. I predicted that the larger cowbird nestlings would reduce the average weights of their Song Sparrow nest mates and lower their subsequent survival. Table 7 shows the weights of nestlings at banding age separated by parasitism and year. Two-way analy- Table 9 shows five measures of total annual breeding effort for Song Sparrow females divided by age and the occurrence of cowbird parasitism. The three years' data are pooled, as similar patterns were observed each year. The right-hand column of the table, the total number of young raised to independence, is the best measure of fitness and clearly shows that parasitized females were just as fit as their nonparasitized counterparts in each age group. Adult females raised over one-third more young to independence than yearling females regardless of parasitism. One explanation for this is that the "quality" of parasitized birds in each age group was higher than that of unparasitized birds. Table 9 shows that parasitized birds made significantly more breeding attempts per season in each age group and, as a result, laid significantly more eggs per season, despite losing some eggs from removal by cowbirds. The later reduction of total breeding success to the level of unparasitized birds could be due to the competitive cost incurred through parasitism by cowbirds. These data may indicate that the greater number of breeding attempts by parasitized females was a cause of the parasitism, because the greater the number of nests initiated, the greater will be the chance that at least one nest is parasitized. The opposite argument, that parasitism increased the number of nesting attempts, is unlikely, as most females were parasitized only once on the final nesting attempt of the year.
Larger reproductive costs may reduce subsequent adult survival in birds (Askenmo 1979, Bryant 1979). I therefore tested whether parasitism by cowbirds influenced survival of breeding female Song Sparrows. Survival of parasitized females until the next breeding season was 70%, somewhat higher than that of unparasitized females (56%), and was not influenced by female age.
In summary, when age of the host female was considered, cowbirds reduced the nesting success of adult female Song Sparrows by about 0.6 independent young per nest and that of yearling females by about 0.5 independent young per nest. The latter result is less certain, because fewer one-yearold females were parasitized than expected by chance. Over the whole breeding season, parasitized females in each age group were just as fit as unparasitized females, because the effects of parasitism were counteracted by a greater number of nesting attempts per parasitized female. Survival of parasitized females until the subsequent breeding season was slightly better than for unparasitized females, despite the costs of parasitism.
DISCUSSION
I first consider information on the cowbird population. Mandarte seemed to be visited by one to three females. When three females were removed in late April and early May 1977, there was no immediate replacement. The female removed on 10 June may not have been a potential breeder on the island, as she was shot in the evening and may have been visiting the island to join a communal roost of Starlings (Sturnus uulg&s). In the cowbird control operation carried out on Kirtland' s Warblers, most captures also were made at the beginning of the breeding season (Shake and Mattson 1975) . The females laying on Mandarte therefore probably had restricted breeding areas which were regularly patrolled. It is not known if other nearby islands were also included in these ranges, but this seems possible judged by the many days (Table 1) Before considering the exact impact of cowbirds on Song Sparrow breeding success, I consider the issue of bias in the nesting records. Nests found late in the nesting cycle are less exposed to subsequent failure, and their success can over-estimate the actual value (Mayfield 197517 ). I found some evidence for this bias in that nests of adult females, which were more successful, were found on average slightly, but significantly, later in incubation than nests of young females (I' < 0.05, Mann-Whitney U test). Since mortality rates of nests/day were low in this study, the effect of this bias probably is slight.
Rothstein (1975b) calculated from Nice' s (1937) Ohio data that cowbird parasitism reduced the average number of Song Sparrows leaving the nest by 1.38. In this study, I found that parasitized adult females raised 0.86 fewer young to banding (six days after hatching) than unparasitized adults (Table  6 ). The only year that I had full information on further losses in the nest was 1979. I found no evidence that parasitized adult females suffered greater losses of young between banding and leaving the nest (about 11 days after hatching) in 1979. Adult females therefore suffered lower nest losses from parasitism than all birds in Nice' s study. For yearling females, the number of Song Sparrows raised to banding age per nest was similar in parasitized (1.72) and unparasitized (1.92) nests. The smaller effect for this group was because slightly fewer eggs were removed from the nests of young birds (Table 6 ) and because success rates of parasitized nests were slightly higher than for unparasitized nests of young females (Table 5) . Thus, the overall depression of host production (0.46 young/nest up to six days of age) was considerably less than found by Nice. Unlike most other studies of parasitism, I was also able to estimate survival of young hosts after departure from the nest. I found no indication (Table 8 ) of higher mortality of host young from nests containing cowbirds at this time. Cowbird nestlings reduced the weights of Song Sparrow nest mates (Table 7) and required more food as fledglings (Smith and Merkt 1980) . One might therefore expect them to be serious competitors as fledglings, but this was not the case, perhaps because cowbird fledglings survived poorly compared to sparrows. Lowered nestling weights did not therefore result in poor subsequent survival, as found for Great Tits (Parus major) by Perrins (1965) . In this study, host survival in the nest adequately predicted the effects of cowbird parasitism beyond departure from the nest. This last result, however, should not be applied uncritically to other populations.
The two most unusual findings in this study are: (1) that parasitism was highly selective on nests of adult hosts, and (2) that parasitized female Song Sparrows raised as many young to independence as unparasitized birds of the same age.
The selective parasitism of nests of adult females did not seem to be closely related to the concealment or position of the nest. I offer a behavioral hypothesis to explain this result. Song Sparrows behave aggressively toward both live and stuffed cowbirds (Nice 1937 , Robertson and Norman 1976 , 1977 . Further, Robertson and Norman (1977) found that those host species that were more frequently parasitized showed stronger responses to freeze-dried cowbirds presented near nests. I therefore propose that adult female Song Sparrows (which tend to be paired to old males) respond more strongly to passing cowbirds and therefore cause their nests to be discovered more often than those of young females. I have no evidence for this "nestcue" hypothesis (Robertson and Norman 1977), but it is readily testable. Unfortunately, the Mandarte population crashed to seven pairs of sparrows in 1980. It will therefore be some time before this hypothesis can be tested there.
If the nest-cue hypothesis is correct, it raises the question of why Song Sparrows respond aggressively to cowbirds at all. One possible answer is that aggressiveness to all intruders to the nest area (e.g., predators such as deer mice, Peromyscus maniculatus; conspecifics) is advantageous and that aggressiveness toward cowbirds is an expression of a greater general aggressiveness by adult females. Huntingford (1976) has shown that male sticklebacks (Gasterosteus aculeatus) that are more aggressive towards conspecifics are also more aggressive toward predators at a later stage in the nesting cycle.
The apparent lack of difference in fitness between parasitized and unparasitized female Song Sparrows must also be a consequence of selective parasitism. Females that were parasitized made more breeding attempts per year and could therefore withstand the losses of eggs, and perhaps small nestlings, caused by cowbirds. The simplest explanation of this selective parasitism is that birds breeding more often were at greater risk of parasitism, but it is also possible that cowbirds responded to some other index of the "quality" of the host individuals. Host aggressiveness could again be a possible cue, and habitat features might also have provided an index of host quality to cowbirds.
Based upon this study, estimates of the effects of parasitism on host populations should be viewed with caution (e.g., Rothstein I975b, Payne 1977), if they are based on the assumption that parasitized nests are a random sample of the host nests available. Experimental tests of the idea that cowbirds select better than average nests are required.
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